Mountain States BioSolve ® manufactures products for insitu bioremediation projects; their BioSolve ® product desorbs and emulsifies hydrocarbons in a contaminated substrate.
Introduction
Mountain States BioSolve ® of Cheyenne, Wyoming contracted with the Rocky Mountain Oilfield Testing Center (RMOTC) of Casper, Wyoming to conduct a bench test. The test was intended to illustrate the increased mobility of crude oil in soils on which BioSolve ® was applied as a surfactant to enhance the bioremediation of hydrocarbons.
The data presented in this report was collected from February 22, 1999 to March 5, 1999 . This report will detail the materials and methods used to conduct the test, test procedures, laboratory results, and conclusions.
Materials and Methods Experimental Design
The procedures detailed in this report were based on earlier bench testing conducted by RMOTC at Naval Petroleum Reserve No. 3 (NPR-3).
To simulate the flow of water through the soil, constructed tubes were used to hold columns of soil.
Each tube was constructed from a 36 inch length of 4 inch diameter clear Schedule 40 PVC pipe. One-half inch holes were drilled at six inch intervals along each length of pipe; one-half inch pipe plugs were installed in the holes. A one-half inch outlet valve was inserted at the bottom of each tube. The tubes were set into specially constructed stands and loaded with eight inches of medium grain clean sand covered with twenty-four inches of clean sandy-loam dirt. Four inches of head space was left at the top to allow addition of oil, water and BioSolve ® . A 1,000 milliliter glass jar was placed below the outlet valve of each tube.
Unrefined sweet crude oil (36 o API) was collected from an onsite battery at NPR-3. This oil and the soil-filled tubes were allowed to stand overnight to reach ambient room temperature.
Experimental Procedure
The two constructed tubes, a control tube (#1) and a test tube (#2) were used in the bench test. The general procedure was to add an equal amount of oil and water to each tube and to add BioSolve ® to Tube #2. The output fluid was collected from both tubes, and the tubes were allowed to rest before the half-inch plugs were removed to recover soil samples.The experiment was divided into Phase I and Phase II. During Phase I, a 20% solution of BioSolve ® was tested; in Phase II the solution strength was 10%. Phase I, February 22, 1999 Tube #1 Soil temperature was 75°F prior to the addition of oil; temperature of the unrefined crude oil was 71°F. 200 milliliters of unrefined crude oil were added to the tube, followed by 1,000 milliliters of tap water at 120°F. The water was absorbed in less than one hour; during this time leachate began draining from the valve at the base of the tube. An additional 1,000 milliliters of tap water at 120°F were added one and one-half hours after the test began; this water was completely absorbed within one hour. Within seven hours, a total of 1,270 milliliters of leachate had been collected; 1,230 milliliters of leachate were analyzed for TPH content using EPA Method 418.1. The sample contained <1.0 mg/L. Tube #2 Soil temperature was 76°F prior to the addition of oil; temperature of the unrefined crude oil was 71°F. 200 milliliters of unrefined crude oil were added to the tube, followed by a mixture of 1,000 milliliters of tap water at 123°F and 250 milliliters of BioSolve ® . The water-BioSolve ® mixture was not absorbed as rapidly as the plain water of Tube#1. An additional 640 milliliters of tap water at 120°F were added one and one-half hours after the test began. Six hours later the remaining 360 milliliters of water (at 120°F) were added to the tube. No leachate was collected from Tube#2 on the first day of the Phase I test. By the end of the second day, 550 milliliters of leachate had been collected and an additional 400 milliliters of leachate was recovered the morning of the third day. An 860 milliliter leachate sample was analyzed for TPH content. The sample contained <1.0 mg/L.
Soil Samples
Four days after the test began, the plugs were removed from both tubes to obtain soil samples. Samples were taken from the top and each six inch interval thereafter. The samples were analyzed for total petroleum hydrocarbons.
The results of Phase I testing are shown in Table 1 .
Phase II, March 1, 1999
Tube #1 Soil temperature was 73°F prior to the addition of oil; temperature of the unrefined crude oil was 71°F. 200 milliliters of unrefined crude oil were added to the tube, followed by 1,000 milliliters of 140°F tap water. All of the water was absorbed in less than one hour and leachate began draining from the tube. An additional 1000 milliliters of tap water at 138°F were added one and one-half hours after the test began.; this water was completely absorbed within one hour. Less than seven hours later, a total of 1190 milliliters of leachate had been collected; a 930 milliliter portion was analyzed for TPH content. The sample contained <1.0 mg/L. Tube #2 Soil temperature was 73°F prior to the addition of oil; temperature of the unrefined crude oil was 71°F. 200 milliliters of unrefined crude oil were added to the tube, followed by a mixture of 1,000 milliliters of 141°F tap water and 120 milliliters of BioSolve ® . This water-BioSolve ® mixture was absorbed within the first hour. An additional 950 milliliters of 140°F tap water were added one and one-half hours after the test began. Three hours later approximately 200 milliliters of leachate had been generated. An hour later the remaining 50 milliliters of tap water were added to the column. A total of 929 milliliters of fluid was collected by the following morning; an 860 milliliter leachate sample was analyzed for TPH content.
Soil Samples Four days after the test began, the plugs were removed from both tubes to obtain soil samples. Samples were taken from the top and from each six inch interval, and analyzed for total petroleum hydrocarbons.
The results of Phase II testing are shown in Table 2 .
Conclusions
A BioSolve ® solution was tested at 10% concentration and at 20% concentration on hydrocarboncontaminated soils. Both Phase I and Phase II tests demonstrated that the presence of BioSolve ® retarded the rate of saturation and fluid movement through the soil columns as compared to fluid flow rates in the untreated columns.
Disclaimer
This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, make any warranty, express or implied, nor assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. Table 2 
